Status of 48Ca double beta decay search and its future prospect in CANDLES by Tetsuno, K. et al.
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
TAUP 2019




Status of 48Ca double beta decay search and its
future prospect in CANDLES
K. Tetsuno1A(∗), S. Ajimura1A, K. Akutagawa2A, T. Batpurev2A,
W. M. Chan1A,2A, K. Fushimi5A, R. Hazama6A, T. Iida4A,
Y. Ikeyama3A, B. T. Khai2A, T. Kishimoto1A(∗), K. K. Lee2A,
X. Li2A(∗), K. Matsuoka1A, K. Matsuoka3A, K. Mizukoshi2A ,
Y. Mori3A, K. Nakajima3A, P. Noithong6A, M. Nomachi1A,
I. Ogawa3A, H. Ohsumi8A, K.Ozawa3A, K. Shimizu3A, M. Shokati2A,
F. Soberi2A, K. Suzuki7A, Y. Takemoto1A, Y. Takihira1A,
Y. Tamagawa3A, M. Tozawa3A, V. T. T. Trang1A, S. Umehara1A(∗),
K. Yamamoto2A, S. Yoshida2A(∗) (A : CANDLES collaboration,
A(*) : CANDLES collaboration and low temperature group)
I Kim1B,3B, D H Kwon1B, H L Kim1B, H J Lee1B, M K Lee2B,
Y H Kim1B,2B(B : low temperature group)
1A Research Center for Nuclear Physics, Osaka University, Japan
2A Graduate School of Science, Osaka University, Japan
3A Graduate School of Engineering, University of Fukui, Japan
4A Faculty of Pure and Applied Sciences, University of Tsukuba, Japan
5A Department of Physics, Tokushima University, 2-1 Minami Josanjimacho Tokushima city,
770-8506 Tokushima, JAPAN.
6A Graduate School of Human Environment, Osaka Sangyo University, Japan
7A The Wakasa-wan Energy Research Center, Japan
8A Faculty of Culture and Education, Saga University, Japan
1B Center for Underground Physics, Institute for Basic Science, Daejeon 34047, Republic of
Korea
2B Korea Research Institute of Standards and Science, Daejeon 34113, Republic of Korea
3B Los Alamos National Laboratory, Los Alamos, NM 87545, The United States of America
E-mail: tetsuno@rcnp.osaka-u.ac.jp
Abstract. CANDLES(CAlcium fluoride for the study of Neutrinos and Dark matters by Low
Energy Spectrometer) is the experiment to search for the neutrino-less double beta decay(0νββ)
of 48Ca with CaF2 scintillator.
48Ca has the highest Qββ-value (4.3 MeV) among all isotope
candidates for 0νββ. It enables us to measure signals with very low background condition.
After rejection analysis with 131 days × 86 kg data for background events from radioactive
contaminations in the CaF2 scintillators, no events are observed in the Qββ-value region. As a
result, the 0νββ half-life of 48Ca is greater than 6.2 × 1022 yr (90% confidence level). For further
high sensitive measurement of 48Ca 0νββ search, we have been developing the 48Ca enrichment
and CaF2 scintillating bolometer techniques. In this paper, the latest result for CANDLES and
the status of scintillating bolometer development are described.
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1.1. The CANDLES detector
The CANDLES detector is installed at Kamioka underground observatory(2700 m.w.e.), Japan.
Figure 1. A schematic view of the
CANDLES detector. The detector con-
sists of 96 CaF2(pure) scintillators with
total mass of 305 kg. These scintillators
are immersed in the liquid scintillator.
The liquid scintillator with total volume
of 2 m3 is used as an 4π active shield
to veto external backgrounds. Scintil-
lation lights from the CaF2(pure) and
the liquid scintillator are corrected by
the light pipes and measured by 62 large
photomultiplier tubes. Boron sheet, Pb
shield and pure water are used for pas-
sive shield against external backgrounds.
1.2. Background of the CANDLES experiment
Although backgrounds can be strongly limited due to the 4 π active shield and the highest
Q-value of 48Ca, the remaining backgrounds are following processes.
(a) 212Bi → 212Po → 208Pb (Th-chain)
(b) 208Tl → 208Pb (Th-chain)
(c) γ-rays from neutron capture
The backgrounds form (a) and (b)processes can be rejected by analysis[1]. The backgrounds
form (c) process are reduced by the shielding system with boron sheet and Pb shield.
1.3. Half-life
By using the background rate and experimental event rate, we present a lower 0νββ half-life
limit of 6.2 × 1022 yr (90% confidence level). The limit is compatible to the result for more than
2 years by the previous detector ELEGANT VI[2].
Figure 2. Obtained energy spectra
by using high-purity 27 CaF2(pure)
scintillators. Black spectra repre-
sents all data. Blue one is the
spectra after rejecting the external
backgrounds. Red one is the spec-
tra after rejecting the internal back-
grounds. Measurement time is 131
days. After the event selections,
there are no events in the Qββ-value
region.
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2. CaF2 Scintillating Bolometer
CANDELS develop two strategic plans to improve the detection sensitivity in the 48Ca 0νββ
search. One is the technology development of 48Ca enrichment. The other is the development
of scintillating bolometers using CaF2 crystals. We report here our recent progress on the low
temperate detector development. Scintillating bolometers can provide a high energy resolution
and an efficient particle identification (PID). Both are crucial detector parameters to search for
0νββ of 48Ca. A high resolution detection minimizes the interference at the energy region of
interest (ROI) from 2νββ signals which are an inevitable source of backgrounds. Moreover, a PID
capability discriminates the alpha signals appearing in the ROI. We develop CaF2 scintillating
bolometers having the two features based on metallic magnetic calorimeter (MMC) technology
[3].
2.1. The CaF2 Scintillating Bolometer detector
Figure 3. A schematic view of a
CaF2 scintillating bolometer for heat
and light detection. A CaF2(pure)
of 5cm diameter and 5cm height
was used as the absorber crystal.
A 2 cm diameter gold film on the
CaF2 surface transfers the heat to
an MMC phonon sensor via gold
wires. This heat channel measures the
major energy deposit to the crystal.
Scintillation photons absorbed in the
2 inch Ge wafer are measured with
another MMC photon sensor.
2.2. Particle identification
Alpha signals can be discriminated by relative amplitude ratios of heat and light signals in a
simultaneous detection for heat and light signals at low temperatures. Figure 4 shows a 2D
scatter plot of PSD parameters of the heat and light signals measured in an above-ground
laboratory. A clear PID was shown with 5.4 σ discrimination power.
Figure 4. PSD parameter dis-
tribution. The energy is mea-
sured with the heat channel. The
PSD parameter is found from the
light/heat ratio and the rise time
of photon signals. The alpha sig-
nals originate from internal im-
purity contamination intentionally
added during crystal fabrication.
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Figure 5. represents the energy spectrum of the alpha events around 5 MeV. The energy
resolution is 1.8%(σ) at 4.89 MeV which is much worse than the baseline resolution found from
the signal to noise ratio. Position dependence of photon and phonon signals are responsible
for the excess energy resolution. Alpha events from 222Rn → 218Po → 214Pb are used for the
position dependence study. As the half life of 218Po is 3.1 minutes, a consecutive alpha decays
of 222Rn and 218Po pairs are selected with 3-minute cut. As shown in Figure 6, 222Rn and 218Po
events have a strong correlation. The amplitude ratio of the two events is the same as the energy
ratio, 1.09. After correction of this effect, the energy resolution becomes 0.18% (σ) at 5 MeV.
Figure 5. Energy spectrum of alpha events.
Figure 6. Amplitude correlation between
222Rn and 218Po events in the heat channel.
3. Conclusion
CANDLES is the experiment to search for the 0νββ of 48Ca with CaF2 scintillator. After
rejection analysis with 131 days × 86 kg data for background events from radioactive
contaminations in the CaF2 scintillators, the 0νββ half-life of
48Ca is greater than 6.2 × 1022
yr (90% confidence level). For further improvement, we started developing CaF2 scintillating
bolometers with the Korean group. A low temperature measurement was carried out using
a CaF2(pure). A clear PID was demonstrated with a 5.4 σ discrimination power around the
Q-value. An energy resolution of 1.8% was obtained at 4.89 MeV. With corrected position
dependence, it became 0.18%. This R&D demonstrates CaF2 crystals can be used in heat and
light detection at low temperatures to search for 0νββ of 48Ca. Further research on position
dependance is ongoing to improve the energy resolution.
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